Abstract: This paper deals with the relations among neurology and biorobotic research. The result here presented is a new equipment which can measure the status of neuromotor control. In particular, the finger motion may be observed as the result, of the activity of sensors, of actuators and of the control system. The methodology of research has applied the results of robotics and of bioengineering to the human touch. The touch expresses the action of the brain, of the neural activity and also the attention and intention of the human acts. The goal is the "touch soft" of a button.
Introduction
The system, called DAPHNE (figure 1), is a biorobotic device. It allows the diagnosis of neuro psycho-physical condition, whether he/she is healthy or is affected by nervous system pathologies as Parkinson's disease, etc. The system measures the reaction time of the finger in front of the visual-audio signal of "touch", the velocity of the finger during the contact and the pressing, the force which the finger exerts on the button, and the tremor of the hand before an during the touch action. The system DAPHNE is the result of research on biomechanics of the finger of the human hand, through the evolution and the realization of previous biorobotic systems. The research is started from a study of evaluation of human biofeedback response in virtual reality and in direct view.
Fig. 1: New device DAPHNE
For the evaluation of human biofeedback response in virtual reality and in direct view, the experiments have been performed with a new paradigm for the evaluation of human biofeedback during the telemanipulation performance of a touch task. The controlled motion of one finger is monitored with the surface EMG. The biofeedback is detected in a direct way, by the vision of the finger action, and in an indirect way, with the support of four different types of interfaces. The neuromuscular activity presents different features and delays in the four cases: a measurement of the attention and participation in the man/machine interface is obtained , in the series of experiments. The paradigm adopted in this research is the result of the integration of robotics and neurology. A better understanding of mechanical and manipulating systems control can be achieved by means of a comparative study of biological systems.
For the influence of biofeedback on the muscular strategy by which a motion plan is executed, the control of a remote system is performed by a human operator, as part of the telemanipulation control loop. Mechanical information such as position, velocity, pressure distribution, force are required for a better knowledge of human behavior as well as of human kinematics and contact movements, while sensory systems can provide methods and tools to achieve comfortable man-machine interfaces. Human sensory fusion has been analyzed by means of virtual reality interfaces. High fidelity real-time computer graphics displays as well as a force reflecting teleoperation simulator provides operator aid in telemanipulation tasks, and different types of interfaces have been developed. The process of visual activity in virtual environments has been investigated. Experimental studies were conducted to determine the effects of visual and force feedback on human performance in telemanipulation, with and without force feedback. Our research provides an experimental evaluation of the different control strategies adopted by the human neuromuscular system when the same teleoperation task is performed with the aid of different man/machine interfaces. The EMG recording during an experiment, performed both in conditions of direct visual contact with the remote environment and utilizing different interfaces, allows an investigation of the neuromuscular activity of a human subject. A better understanding of how human control is performed can then be achieved. In this experiment, the operator wears an exoskeleton system that drives the mechanical finger motion. During the operator's finger motion, the sensed signals from the exoskeleton change and these changes provide signals. The sensory biofeedback in the tests is obtained by the eyes, which are observing the performance of the action and the contact force of the finger, depicted on a monitor by the reaction of a loaded button. Output is formed by muscular performances and from signs of acquisition of motor units. The considered parameters include signs of psychomotor processes. The subject has the control of his action; this fact is made possible by the signals, which depend from the occipital and temporal lobes, and which are consequently integrates in all the motor circuits. The sensitive perceptions come from the cortical (occipital and temporal) protective areas; pass to the motor circuits of the control loop, which include thalamus and base extrapyramidal ganglia and cerebellum, and then they connect to the cortical-spinal executor system. The program develops a feed-forward control that does not contain a complete description of the task (invariant command). Successively the adjustment neuromotor activity to the desired behavior is performed through internal feedback that signals the executive process and allows to match them to the intended action (variant patterns). The process monitoring continues throughout the duration of the test. The following signals are sampled and memorized for quantitative analysis: (1) operator's finger motions, (2) EMG signals, (3) forces exerted by the operator finger on the button.
Mechanical design and project of the new portable equipment.(DD1)
The planning, the construction and the experimental tests have been made with a position feedback glove. This device uses light and low profile sensors to measure the degrees of freedom corresponding to the phalanxes of forefinger of a hand. The glove can measure angles with precision < 1°, accuracy < 1° and time sampling 50-60 Hz. This project has produced a position glove to be used in medical applications.
In particular the system is developed thinking about two applications: -movement analysis of parkinsonian patients.
-study of the movement ability both as displacement and velocity. Such a device is useful to analyze quantitatively movement handicaps and rehabilitation therapies. To satisfy these applications the glove has these characteristics: -light weight (especially useful for the patients); -comfort and adaptability; -reliability (to be used in and out of laboratories);
-low interference on patients movement; -simplicity (in use and calibration); -precision, accuracy and time sampling (the usual parkinsonian frequency is more or less 12 Hz so the time sampling has to be greater than 24 Hz).
The glove consists of a system containing small potentiometric resistors. The choice comes from the necessity of a small, precise and simple use of glove, which needs few elements; in fact the other gloves are usually rather complex or not really precise. The control system consists of a PC connected to the glove by an I/O device. The software is developed in order to offer simplicity.
DD1
The second model, called DD1, is a biorobotic system for the acquisition and the restitution of some data on the movement of the patient finger, it is possible to point out some characteristics about the extension of the index finger of one hand with the target to find and to estimate the kinematics characteristics, the control of the movement and the impressed force. The biorobotic system is composed by: -a skeleton: mounted on a support structure to acquire the finger position of the patient who puts his hand in a glove in vertical position.
-variable rotational resistors: sited in correspondence of the phalanx are able to retrieve finger movements.
-surface active electrodes: these send a signal to the electromyography through a double channel probe. Some strain gauges are mounted on the structure in order to measure the force of the contact. This system is contained in a comfortable suitcase with all elements inside. It is characterized from an accessible design in order to improve the functional way and performance. The support of the hand has been redesigned as an independent part so that it was anatomically more adequate and easier transportable. The hand is leaned horizontally for a more natural and comfortable ergonomic condition.
Fig 4: VREPAR System
The system of measure of the force exerted from the finger was replaced with one monoaxial load cell model BC-302, DS Europe]. The computer desktop has been replaced with a portable computer laptop using a PCMCIA II acquisition card [model DAQ Card-700 National Instruments]. In this system also, two electromyography probes are applied on the arm of the patient in order to measure the electrical discharge of flexural muscles and of the tendons of the finger index. All possibly dangerous equipment have been enclosed in a relatively small multicarbonate container; in this way the voltage is reduced from 220 AC to 5 CC. This exoskeleton is mounted on the policarbide structure and it allows by means of the measurement system, the acquisition of the position of the finger, with the angles of the phalanxes. The mechatronic model is equipped with potentiometers in correspondence with the articulations of the phalanxes of the hand finger. The instruments detect and measure the motion and the velocities of the phalanxes. The EMG signals are obtained by a probe with two channels by means of two electrodes active of surface. The force is measured by a load cell, with its electronic equipment. The main characteristic of the equipment is that it can be taken in one hand, and can be carried with no effort, also by an ill person. In order to reach this objective in a satisfactory way, it is necessary to apply the interdisciplinarity as cooperation among the professional work of engineer, designer and physiologist. The base where the hand is supported has been designed as an independent object, in order that it may be anatomically adequate to the posture and that it could be easily carried. The hand may be in vertical or horizontal position, and it may be obtained easily by changing only the position of the value cone (the shape of the equipment is geometrically similar to a cone of color blue). The measurement of the force exerted by the finger is developed by a button, which covers a load cell, of cylindrical form. The load cell is monoaxial and it has very high quality and precision.
The evolution of the research from DD2, is DDX.
The target was the realization of a user friendly and portable machine, such like a mobile phone, with efficient results in diagnosis to gain advantages respect to the actual systems of detection. The ability of grasping this joystick with a single hand is the fundamental aspect of this system. This choice was good also to catch tremor, that is a typical character of many subjects affected by Parkinson disease. State of health of a patient can be tested daily. In order to avoid patient's influence, colors are assumed in an appropriate way. Even if the design study is in general the last part of a typical project, in this case, it was developed in parallel to the electronic system. The tremor sensor was located inside the joystick in an extremity corner in order to amplify the patient vibrating motion. The microphone is located inside the joystick and it is used when the person decides to do the test concerning the voice articulation. The other parameters are acquired from the button and they are: reaction time (defined as the delay time from acoustic signal of buzzer to the starting of pressure), speed (calculated from the starting point to the end point of button race) and force (by using a strain gage). So the mechanics of button was the following one.
Fig. 5 Mechanics of the button
The button race length must be constant to appreciate differences among different persons. In this way it is possible to calculate the speed starting from the moment of the contact with the button. The electronics circuit is composed of: a digital display LCD (twelve characters in two columns), four keys in order to manage the menu navigator such like a mobile phone menu, an OK key to confirm, a menu key in order to return to the main menu, a buzzer for the acoustic beep a load cell (or cheaper possible arranges) with its amplifier. a microphone to acquire the voice. 6 The last device is called DAPHNE. The Daphne system is compact and can be easily held either with the right or left hand. It is light and portable; these features, combined with user-friendly software and simple mechanics ensure autonomous, easy-to-manage testing. This instrument offers two types of tests both characterized by well defined test performance protocols. Following a visual-sound stimulus, the first type of test (Button push) is performed by placing the forefinger on the button and pushing it down lightly. In this way four kinetic-dynamic parameters, reaction time, speed, strength, and tremor (Ref. 10, 11, 12) , are detected. This test is divided up into two protocols: Fast protocol -the user starts by placing his finger on the button. After receiving a visual-sound stimulus, he either pushes the button quickly or realises it once the target has been reached.
Virtual protocol -the user should perform the same movement, but unlike the above mentioned protocol, this time he should follow the diagram illustrating finger movement on the instrument's display. In this way the individual's attention is focused on movement thus activating what neurologists call "working memory"; performance of this movement is very important when working with people affected by Parkinson's disease, owing to the fact that the latter, due to akinesia, tend to perform fast movements with very high reaction times at very low speeds; however, when compelled to concentrate (in this case on the finger movement diagram) patient performance improves considerably. During the second test (Voice Articulation), the user is asked to perform a reading test, the aim being to test his articulation capacities in order to diagnose speech anomalies, often a precursor of serious pathologies such as dementia or schizofrenia. (Rif.9,21,22,23). In this case too, the test is characterized by two performance protocols:
Fast reading -following receipt of a sound stimulus, the user is asked to read a word (which appears at random) as soon as it appears on the display; in this way, the fore period, i.e. the interval of time between the moment when the word is displayed and the moment when the user actually starts to utter the word and the duration, i.e. the time it takes to articulate the word.
Delayed reading -although the parameters measured are the same, the test performance method changes. The individual is asked to wait before reading the word on the display. A sound notifies the user that he may now to start to read. By artificially delaying the time, the person is compelled to use his "working memory" by performing a temporal transfer. Studies conducted by neurologists demonstrate that this answer is generally given sooner than that obtained during fast reading; the fact that this takes less time is connected not only to the preparatory performance of percepive processes and motor-verbal visual transfer but also to optimum performance of the program connecting mechanism already acquired during final neuro-motor processes. 7 Experimental tests A first cycle of experimental tests performed using the Daphne system on healthy individuals led to results confirming neurologists' findings on that subject. The individuals tested, all healthy and not affected by any particular pathology, underwent the press-button test; not only did they use both their right and left hands but they also performed the test according to both the fast and virtual protocols. The results of these tests are shown in the diagram below. Reaction times show an incremental trend according to the person's age. However there are some exceptions to this rule, thus confirming the lack of absolute laws regarding behaviour, owing to the fact that each curve is linked to the individual characteristics of each person. The same applies to speed, obtained as an indirect parameter, insofar as the system measures speed time. The data related to this parameter in the two age groups are fairly similar, even though it is possible to note a lower time value, indicating a higher speed value, thus confirming that individuals belonging to this age group (40÷60) have a greater capacity for concentration and better finger movement control . Due to the force applied by the user whilst pressing the button: Tremor data highlight the probabilistic aspect of the analysis; less dispersive, lower values are noted in the 40-60 age group due to the fact that these individuals are likely to be calmer and more concentrated during test performance.
Collaboration with neurologists and physiologists have resulted in the introduction of some modifications to the new model of the system, currently in the design phase. In spite of the above, the system will still be compact and characterized by a user-friendly design; moreover, a spring with a variable preload will permit the same test to be performed on the same person in order to assess response ability under different load conditions. Not only will the display be larger but it will also have a graphic matrix; additionally, software and hardware will allow for storage, downloading and the transmission of data to a remote site.
